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Electron Ion Collider:

The Next QCD Frontier
Understanding the glue

that binds us all
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 the probes of nucleon helicity structure 

DIS SIDIS pp&(RHIC)

guiding&principle:#factorization

essential:#work&out&QCD&corrections

DIS

resulting&PDFs:&synergy&of&different&probes&(a#way#to#test#factorization)

e.g.

!better!control!of!theoretical!(scale)!uncertainties



 anatomy of global QCD analyses 

obtain&helicity&PDFs
through&global&χ2&optimization

set#of#optimum&parameters
for#assumed#functional#form

computational&challenge:

•!up!to!O(20:30)!parameters

•!many!sources!of!uncertainties

•!very!time:consuming!NLO!expressions
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RHIC&spin&program&targets&at&gluons: jets,&hadrons,&photons,&charm,&...

ΔΣ = 1

Δq

the#“spin&puzzle”
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DSSV:#1st&global&QCD&analysis&of&polarized&(SI)DIS&&&pp&data&#

 impact of “1st generation” RHIC data on Δg
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!(x)� f 
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Δq’s&(x,Q2)

•!indications!for!non:trivial!sea!polarizations![from&SIDIS&data]

�ū > 0 �d̄ < 0

•!unexpectedly!small!strangeness!pol.!![from&SIDIS&kaon&data]

sizable!SU(3)!breaking!?!!!also!seen!on!the!lattice Bali&et&al.,#0811.0807;#0911.2407;#1011.2194
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new STAR run 9 jet data - impact on Δg ?

gluon#with##########################################fits#well#
Z 0.2

0.05
�g(x)dx ' 0.1 (approx.!upper!edge!of!our!DSSV!unc.!band)

find:
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•#jet#and#π0#data#can#be#put#into#one#plot

•#PHENIX#probes#lower#pT#(slightly#lower#x)
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re-analysis of helicity PDFs: DSSV -> DSSV++

Z 0.2

0.05
�g(x,Q2 = 10GeV2) = 0.1 ± 0.06

0.07

0.005+0.129
�0.164

fully&compatible&with&old&DSSV&error&estimate



exciting new results also for W bosons

key&measurement&at&RHIC

#neat#idea:#parityKviolating#W’s#couple#only#to#one#parton#helicity

study
single&spin

asymmetries
A

W�

L ⇡ ��d(x1)ū(x2)��ū(x1)d(x2)
d(x1)ū(x2) + ū(x1)d(x2)

#leads#to#flavor#separation#at#scales#Q~MW#[independent!of!fragmentation!fcts.]
�ū,�d̄

�u,�d
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#1st#results#published PHENIX:&arXiv:1009.0505

STAR:&arXiv:1009.0326

no#impact#on#PDF#fits#yet

###&“proof&of&principle”
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�ū

much&more&to&come&from&current&RHIC&run
(W#program#is##a#DOE#performance#milestone#for#2013)

run&12&data
already&have
a&significant

impact#

�d̄

new preliminary 2012 STAR data 
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still&very&preliminary&!

•#more#detailed#studies#needed#

•#new#fit#points#to#rather#sizable##

•&tests&what&we&know&about&sea&quarks&from&SIDIS&(based#on#pion#FFs)#

after&2013&run
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quark&spin&contribution

from&Aschenauer,&Sassot,&MS



It is a mysterious beast, and yet its practical effect
prevails the whole of science. The existence of spin,
and statistics associated with it, is the most subtle
and ingenious design of Nature  - without it the
whole universe would collapse. 

The Story of Spin
##################Shin’ichiro Tomonaga

(from!the!preface)

exploring&spin&is&of&fundamental&importance


